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CONSeRVATION 0C0UPAtlONS 

' _ ' ^- ■ > ^Clj ' ^ 

Feretti, mgslMds, wildlifi, toiU> 
nod Watsr ftre im^rtant natdrat 

tevsl^t and manage thtse rssouf4^i 
to amire that ftiture nsads 'WtV 

Pe^pMfmtarested In a safesr iii' 
cdhsl^atien siugt have spwtidi^^ 
training. Forestars, rmgm nMiiimgan, 
and i0ll QQtamrwm%iQni%u/gmfttTMy 
need baehelor's degreei lA thtir 
fluids. Tachnical mtiopX is usually 
raquMd for position^ as ' forestry 
technicians. In addlttgin to technical 
kno^ladge and sklll^'cQhsarvation^ 
isu must have a sahcere interest in 
the environment and the desire to 
protect it. They should enjoy dealing 
with others and tike /public service, 
since they often work with people in 
the community. Flexibility also is 
important^ sihee a conservationist 
may work in a remote camping area 
one week, -speak to a community 
group the fle%t, and fight a foreit or 
brush fire yihe flext. 

This section describei four conser- 
vation occupations^ forester, forest- 
ry technician, range manager, and 
spii coiservationtst. 




ir« of th« mmtk 

Foreata are a vital natural rf^ 
source. They can be repeatadly 
without teing demoyed^if prp^ef ly, 
managed. The conditton at our eavi^ 
rcntnent has becdme a niAjor n^on^ 
al ooncern, and foresten play an tfit^ 
portairt role in proteGting that 
enviroifnient by ensuring that our 
fofests ar^ property uiad. FOftsfigrf 
manage, develop, md prM^t th^s^ 
lands apd their resour^ei^4^ber, 
water, wildlilfe, foragt^ and cteer^a^ 
tional a^as. ' 

Foresters plan and supervise Ute 
cutting and planting of tr^es^ They 
aJio protect the trees front fir€« 
harmfut insect, and di^aas. Forest' 
ers may be responsibji ftfr other du- 
ttis ranging from wildlife pr^te^tion 
and watershed management to the 
development and superviilon of 
carnpi, parks and graiing Unds. 

Foresters also do research^ provide' 
forestry information to forest ovirfiers 
and to the gener4l public (called 
eicteniion wqrk), and t^acli at coll^= 
as and universities. 



About half otall consarvatlonists are aitiploytd by 
Federal, Statf, and local goyernmants ' 

Employment of conservationists, 1976 (In thousands) ■ * 
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Foreiters ofteti spe^^ialiEi in one 
area of work, such as tiinber manag^" 
tnent* outdoor r^creatlcA, or forest 
ecoAomieS' Sotne of these afeas ara 
ceoo0Aued ^ diitiiict profesUoni. 

About 25,000 persons worked as 
fo^esteii in 19^^. Nemrlff t out of S 
Worked in private iiiduitry« mainly 
for pulp and pap^f, luin>er, log|in|, 
and inlllini wmpanies. About one* 
foarth worked for the Federal Oov-^ 
emmertt, primarl^ in the Forest Ser- 
vice Qf the Department of A|ricui» 
tur€. The r^fiiainder worked for State 
and lociJ fovefniiienti, cotlages and 
tinivariliieSt or Qoniultifi| firms or 
were lelfHeniployed^ either at consuU 
tants or foreit owners. 

Trtflnidg, Othar Qy%lin^«tS&na, 
and A4v«n§«ment 

A ^Qhelar'i degree with a major 
in,4orefciry, U th^ rninimuni educa-^ 
lioniftl requifement for'lhoie desiring 
profeisional eariers in forestry/. 
How#V€r, du^ to' ketfi job eompeli^ 
tiofl md the incriasingly cornpleX na- 
tyri jof the forester*! wirk* employ- 
ers prefer graduates wlio hold 
advanced degreei. Certain jobs such 
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^fid til 1974 ^ jo ud UAi- 

vei^tt^, of whid 43 warts s^mdit- 
'by tli% $o§iM|f af Ain#riQan 
FqneAifi^ CurHoiihitiit t^M th^ Ub^ 
^ tral jifif aa4 ^uQioadons ikilli 
MjRr«ll aft t^hQt^ fo^tcry Mbja^te. 
Mm program yaa in^Hid^ mum^i 
in econMites butiMss ad 
niaiitmtioii ta wpp^inOTt Uie ttu- 
daat^s icmtiflc agid t#^ttfiiMl knowU 
.edge. 'Many coUeg^i rtquire 
Midelitt to qpefid oiia %ummmf m m 
fleM ump o^mied by Me ralligt. 
All scbeob ' eneourste lynarmer jobs 
that five fiwiiMd e^p^rUa^e In for- 
; mt or coM^rvariM work, 

in iilditiM ta neatiAg ^a Infilled- 
tual/daaiandi of fora«try, forasteri 
mutt 'tojoy workjilt outdoors, be 
phyriQiaiy hardy, wtd willing to 
move, ofl^n to r^mot^ places. Fortit^ 
en ihould Mao be able to work weill 
with peopli %fid be able to express 
themielvei (clearly. 

Fofefttfy giaduates usy&lty work 
under the suptrviiion of experienced 
fbreiteri. AAer laining e^iperienee, 
they may advgtic^ to mow reipOB- 
sible positioili. In tlie Federal Gov- 
emmaot, ati eEperienced forever 
; may supervi^ an entire forest area, 
and mmy mdvtnc^ to regional forest 
\sypenr|sor or to a top administrative 
potitioii. In private itKluitryf foreit- 
ara staH by ieaming the practical and 
admiQiitrative aspects of the buii- 
naw. Many forasteri work their way 
up to top managerial positions within 
th^r ooitipMieg. 

I impbymtift Oiifi0oii 

Bmpfoyment requirements for for- 
atteri are expected to grow about as 
fast &$ the average for all occupations 
through the mid-l980's- In recent 
yeariv howav^r. the nutnber of par- 
sons earning degrees in forestry kas 
eioaeded occupational requirt- 
manta, creatlni cottibatitiofi for Jobs, 
If the number of iagrees irantad 
,eaeh yMir retnaini at present levels, 
aompetition ttiexpectad to persist 
throughout the pefi^d^ Opportunities 
will be better for those who can offer 



M etnploy^r jithar an advamed de« 
grae or ^vipfal y^ass' experience. 

The qou^fry wUI need more foraitT^ 
era In the ^tu^ to ensure an inoreai^ 
lag ou^tit of foratf produa^. Em- 
ployment Mi^ may inareaaa lu we 
beeome m^fm awai^^ t^e ae^^ to 
^onterve and r^pl^ibh our for^t re- 
souraes, ud to improve ^e environ- 
mental qisa) of our forest lan^. 
rts. Prtvaia owners of timberland may 
1- 1 well %mp^y mctm forestan as they 
\re0ognbe Uie need for^and the 
U n^hai^ pfofi^billty. of— improved 
forestry and logging pnoUaes. Tha 
forest pioduata industry will reqtiira 
additional f^Qras^rs to apply new 
teehniquas for ustiig the entire for#st 
^rop, to develop inethods of growing 
^perior ts^m in a shortt r period of 
time, and to do research in the netds 
of plant gen^tias and fartllizationv 
Emplo^ifi^nt of f6restert will prob- ' 
^ably Qontifiua to grow faster in pri^ 
vata industry than in the Federal 
Oovernment where budget limita- 
tions may restrain growth. Stata gov^ 
ernm#nt agencies^ will probably hire 
more foresters through Federal-Stote 
Qooperative programs for' fire con^ 
troh proteatiofi against inlets and 
diseaie, r^cr^ation, and technical as^ 
siitance to owners of forest lands. 

Tha appealed r^id incraaae In the 
employmint of forest^ tachniaians , 
will reduce the amount of time spent 
by forestan m performing routine 
tasks^ but the forestar will have to 
devote more and more tinia to super« 
visory work and to^e general man^ 
agament of tht forest. 




Kernlnga an^HVoriilng 
Oondltloni 

^ The averaia sorting salary for for- 
e%ers in 19?6 was $10,000 a year, 
while enperi^nead foresters averaged 
ovAr $ 18,000, according to tha limit- 
ed data availabla. 

Imprivate industry, starting forest- 
ers averaged $ 10,300 a year in 1976 
overall average salary was 
acQOrding to the limited 
data a^iUBIe. 

Graduates entering the Federal 
Govemni^nt as foresters in 197? 
with Just a bachelor's degree started 
fit $9i303 a year. HoweveF, becausa 



and ^e c 
$17,7©0, 



Of kiln a^n^^titioii, most foresten 
hired by tfa^'MiHdaril Oovemnent 
iifter held a maste^^N^trie or had 
iome expiritnee,\ a^^^eneraUy 
iUrted at StM23 4 year. Phv^.^ 
geiiaraUy' starts al $14,097 oK, 
t\y,0$6 a yMr. Tha nedian annual 
salary in 1 977 for feda^y employed 
fbreitera exs^ded t^OiOOO, 

In looal govenntfant, foh^ters gan- 
eimlly begu at about S 10,7M a year 
in id'fS, while Uiair median annual 
salary wm tlS,400. State govern^ 
mants paid about 19,200 annually to 
^rt in 1976, ud Sta^ median ^la- ' 
ries Wire Si $,400 par year. College^ 
ftcf^m^n geoe^l^ started at about 
$ 1 1 ,000 annii^ly In 1 976, while their 
medbui sala^ was over $20,000 par 
yw. Many faaulfy foresters supple- 
ment shair r^gulwr ialariat with in^ 
come^m leoturingi aohsultjng, and 
writing. 

Mwy estperieQcad foreatars ad; 
vwoe to joN which require them 
spend tnott of their time in an office. 
However, tha beginning forattar 
spends eoniiderable tima outdoors in 
aH kinds of weather, sometimes in 
remote araas. Foresters may also 
work ^%itWL hours on emergency duty, 
as in fireflghtitig or saareh and rescue 
rnigsions. 

. BWf^m of Addllianat 
Informatloii 

Oeneral information about ^ for- 
est^ profession, lis^ of raadii^ ma^ 
teriaUi and lists of schools offering 
education in foreitry are avaibble 
frdni: 

%o^tf of Americaii Foreit£tm« S400 Ofbive* 
mt Luie, WMhinctdfi, D.C, 20014, 

Nalioii«l Pdfiiit Noducto AuaeUtloil, 1619 
MMl>€HMtti Ave., NW., Wmahlnstoii, 

D.C. 20036. 

Oenerai career information is alto 
available from^ 

Affi^rieAii Foratt rnttitutt, 1619 MWAchu- 
' mm Avi. NW., Wsshingtoiu D.C. 20036, 

AnitfiaM Pctwn Anoeiatioii, 1319 1 8th. St 
fjW.. WMhifictoii, p.C, 20036. 
For ditails oa foraaUy cheers in 
the Forest Service, cohtact^ § 

U.S. D^paftment of Agricutturi/ Poratt Str- 
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VoRiSTRY T«CHNICJANS 

(D,OX44ia37^ltli|ug^ 

•hiufi (if mm Work 

Pomtty t^hinyianf, someuniis 
ralM fpr^^r in f Atr^ Itvel 

potitimit assist fortitsrs in th§ rare 
md Qianagement of forest 4ands and 
their resQur^ai. (Ste ltmteiit#tit on 
famteri emrlitr in thUk ahapter^) 

Forestry teahnlciant help estiniste 
present ud potential timber produc- 
tion in a certain area. If new rMds 
are meded to make the tiiA^r agcet^ 



sible for ^utting'snd ^movfl, teshpi* 
elans may M^pefv^s^ thi su^sylng 
and rosd bulldjng ^fews. After the 
tlniN^r ha% ||iei| em, they Rit^ure 
the lop ^ d%t%rtiiiii^ ii0w much lum- 
ber tfit tr^es i^iH yi#ld shd Am assist 

in th€ Mfcto or iti^ timNr. > 

Teahni^iaiii wcirk on mmy forest 
improvement proj^cri. Th@y inspect 
trees for ditaa^^ mi other problems, 
and rec^ord th^ir fi^ditiis. On water- 
shed projecta, dK^y work 'to prevent 
flood damaif and toil er^ion and 
ief k ways }0 incre w the quality of 
water in the foregt^ 




Pervatff te^iinleiiii ffiaasurffifi th# dlatnattr «f m trav> 



' Foretfry ^^toMans aM fit$ ^ > 
pi^vent Md eont^ fif^ 
fire preveaitoiiiitfoimation 

r using the fo^aiul lead .fire^i^ttef 
erewi if a fl^ ooouft. After Ares aft 
^tinguiihed^th^y take invent«nf oi 
buni^ areas and supervue the plant*' 
ing of new tnm Md shruhi to restonl 
the torest, ' * 
Reereatlonal use of the forest has 

' inereased greatly.. T^hnictan&^aln- 
tain foreii ai^ for mun^l, jp^ 
Irqi, hiking, and otM^^prrcreffiOi 
getivities.^ They alto m%p^^JbmU' 
rigulations and polleies Id. vtsitors . 
and enforce these rules. ^ # : 

ni^i of tmpldyiif #ni 

About 1 1 ,000 penoni worked 

yeaf rduticl.i^ f^pitry te^hnioians in 
l976.N4arly the safhenunibef found J 
temporary pmployment^primarily 
with Federal antf State Gove^n-^ 
mratt— durthg the summer or in tm^ 
spring an^ foVl fire seasons. 

Nearly half^the year-roun<d total 
worked in private industiy, mainly 
for logging, lymber, and paper com- ^ 
panies. Reforeitatlon projects of 
miriing, oil, and railroad compa- 
nies^ — as well as employment in tree 
nurseries^accouoted ,for the re- 
mainder of the workers in pHvate 
employmeht. The Federal Govern- 
ment employed about 3,700 full-time 
forest^ technicians in 1976, primar- 
ily in the Forest Service ot the U J. 
Depaftment of AgHculture, while an- 
other 2,200 worked for State govern- 
ments. 

Training^ Othar Quallflealldna, 
/ and Advafietmant 

Most persons qualify for beginning 
jobs as forestry technicians by com- 
pleting a speciali^d coui^ of study 
in a 1- or 2-year postsecondary 
school or through work eiLperience 
on fireflghting crews, in tree nurser- 
iei, or in recreation work^^ 

Because of keen job competition 
at the present time, opportunities for 
employment are better for those with 
pdstsicondary school training, iti 
1976, about 80 technical institutes, 
junior or communjty collages, and 
universities offered forestry techni- 
cian training, of which 5^ arejecog- 



mm 



CMrt^ ifieiudiag blolo^ «^ hot- 

j»0^cottfiat taich ai land survieyifig, 
ttee Mmtifi^tHm, aerial photofraph 
V tntefpfetati^, and tiftiber harvest- 
\ Ttf 'mIg praeli€«l' ^iperieMe, 
•tudmte niay be f^uired to worii h| 
^' fotest ^ jMSp^ operated by thm 
icbooL / ^ 

EnthuaiMm for outdqqr wmk/ 
* pbyslcal stamina, ud the' ability to . , 

estry teehnicimni averaged about 



tes.rad Alaika. 

'Unite the Bumber of gnidiii^i Vinf* iiabitats tm UvM^k/^ wild- 

frmi jvaif wite 



of forestry^ technieiaa te^oob 4e-^ ^^tfe, water frmi|VaA w4terihedt, 
eltota su^Muitial^ the fotuve^^Hii faeiliti^ for warn and oihir 

^een comf^tUfon for Jobs heit^^i^d 
io eontinueC Mfering i^^iiU 

Ised forest^ techniclaii yaiantg and 
some ^cti^^xperienee may have 
better ppportunitief . / 




mlA^ and Working \ 

jirCoridWoiia - 

fng salaries of foresti^ technt- 
gad from $7,500 to 1 10,000 



not aupervisiaii are eiiential for sue- 
oeas In^thla fleld. T^nioiafis:shoald 
be able to work with survey orew^s^ 
users bf th# Ibrnt laadi, forest owm 
ers, and |Df esters. They must ei£press_ 
thepmlv^ e^arly whea talking to 
others and when makuig written re^^ 
pofi. ' ' 
Forestry teehnictans geMfmily be- 
. gia work as^tmitfees or ip -retatively 
routine positidnriinder the direct su- 
pervision of an experienced technU 
€ian or torester. As technicians gain 
eaperieaee^ they are givati more re- 
sponstbUity, and often move into su^ 
perviiory positions. Some technic 
p Qiaos obtain bachelor's degrees in 
foreitry and are promoted to the for- 
eater level. 

Employmant Outlooli 

Growth in employntent of forestry 
technicians is expectM to be faster 
than the average formal! OQCupations 
through the mid-19g0*s. "Private in- 
dustiy should continue to provide a 
high proportion of these Jobs. 

Environmental qoncam^ a rismg 
demand for forest prtducts and in- 
creased use of technoldgy in the for- 
est industry are expected to stimulate 
demand for more technicians each 
year: Trained techniciiins wiU be re- 
quired to operate specialized and ef- 
ficient, laborsaving machines and to 
help apply sophisticated scsjinttric 
methods to forest management. 
Technicians will also Increasingly 
perform many of the more routine 
jobs done by foi^sters. ^ 

Despite this expected growth, keen 
competition for Jobs is anticipated. 



$12«300. 

^In the Federal Ooverhment, forest- 
ry lechnicians suited at $g,3l6 or 
49p303 a yei^ in 1977 de^nding on 
education and experience. Bxperf- 
enced forestry techniclisns in the 
Federal Government averaged be- 
tween.! 12,000 and 113,000 annual- 
ly. 

Forestry technicians sppnd consid^ 
erable time outdooii in all kinds of 
^weather, sometimes in remote areas. 
In emergencies, such as fighting fires 
and controlling flMds, forest^ teph- 
niciana ^ork many extra houis. Cli- 
matic conditions often limit year^ 
round flf Id work, ^nd flrefightjng 
jobs are limited, to the fire season. 
^ ■ 

tourdsa of i^draonal 
irtfonnation 

Infonnation about a career in the 
Federal Government as a forestry 
technjcian is available from: 

U.S. Dtpaftmeiit of Agrieulturep Fofist Sar^ 
yicep'w^ington, D.C, 202SO, 
For a list of schools recogniEad by 
the Society of American Foresters 
offering, training in the field write io: ^ 

S^iety of Amtrican Foreiten, S400 Qrotve^ 
nor Lme» Wathington, D.C. 2Q6\4. 



RANOE MANAQERS 

(D O T 040.081) 

Natura of Work 

Rangelandi cover more than I biU 
lion^cres of the United States, most- 



Wnda pf recr^^tlon; aqd valuable 
minerah and^ energy resources! 
Rangelands also' serve as areas for 
solentific i^udy of the enyirorimtnt 
jRanfe ntuagert^jiinietimea called' 
mmg€ sc^mists^ #^^ft e^^gfaif , Of 

prove, and profit tange r^urcoi to 
maximize their tise without tnourring 
ecotogiml d^truction. For example, 
imnge m^aaagersideiermtne the nuni^ 
'b#r aM Ibidi^iiiblto 
the grwing ^tem to be used, and 
the bM season for gn^g in orMr to 
yield a high prodfudtion of livestock. 
At the same Umei they muftoooserve 
soil and vegetalidn for other uses 
such ^ wiUltfe ^habitat, outdbor rec- 
reatioB, and dmber produetlea. 

Range managers restore and im^ 
prove Fsngelands through te^ntques 
such as conmlled buniing, reced- 
ing, and biological, chemicaU or me- 
chanioil control of undesirable 
planU. For examplet seleeted range- 
lands with •natural uigebrush vegeta- 
tion ^may be plowed and reseeded 
with a niore productive grass. Range 
managers also determine the need 
for and c^^ out^range conservation 
and development such as providing 
foif animal watering facilities, erosion 
control, aftd fire prevention. ^ 

Not all of the range manner's time 
is spent' outdoors. Office work is not 
unusual. The range manager may 
consult with other consei^ation spe- 
cialists, prepare written reports* and 
perform certain administrative du- 
ties. 

fiecauia of the multiple use of 
rangelands, range managers often , 
work in such closely related fields as 
wildlife and watershed management, 
forest ifianagementi and recreation, 

Plaeag of imploymiant 

About 3,000 persons worked as 
range minigertlA l9f6. The major- 
ity worked tor the Federal Oo'^^rq^ 
.mant, principally for the Forest Ser* 
vice ^nd the Soil Conservation 
Service of the DepartH^ent of Agri- 




I*m inay ip»ftd eofijildcrablt ttm* tw^y frem heina werklng autdiKirs In 
remoto parti df th« fmngm. 



cultlire i6nd the Bureau of Land Man- 
agarneiit of the Department of the 
Interior, Range nranagars in State, 
gavernmenti are employed in game 
and flih departments. State lind 
agenlliei, and eKtension services. I 

Increasing number of ranfc 
managers are working for private in-' 
dtistry. Coalfend oil companies am^ 
pipj rangi managers to help restore 
the ecolDgical balance to mined out 
areas. Banks and real estate rirms 
employ them to help increase the 
rev%nii€ from their landholdings. 
Othar range managers work for pri- 
vate consuHing firms and large live- 
s^ck ranches. 

»Some range matoage rs (with ad = 
vanced degrees te^ch an4 do re- 
search at col leges and uni varsities. 
Othars work overseas with United 
Statas and United Nations agencies 
and with foreign governnienis. 

Training, Other ^allfieatlQRS, 
and Advanq^ment 

i 

A bachelor's degree wA^^a i^ajor 
in range management or rangi^ sci- 
ance is ttie usual minimum 'educa- 
tional requirement for range manag- 
ers. In the Federal Government, a 
degree in a closely related field, such 
as agronomy or forestry, including 
courses in range management ^and' 
range science, may also be accepted 
Graduate degrees in range manage- 
ment are generally requifcd for 



teaching and research polittoni, and 
may be helpful for advancement, in 
other jobs. 

In 1976, about 20 eoileges and 
univeriities had degree programs in 
range management or range sctenck^ 
A number .of other schools offered 
course work in range management. 

A degree in rangI management 
requires a basic knowledge of bioU 
ogy, chemistry, physics, matheinat^ 
ics, ao^ communication skills. Spe- 
cialized courses combine olant, 
animal, and soil sciences with oKnci^ 
pies of ecology andf resourde man^ 
agement. Desirable alectives include 
economics, computer science, forest- 
ry, wildlife* and recreation. 

Federal Government agencies, pri= 
marily the Forest Service, the Soil 
Conservation Service, and the Bu- 
reau of Land Management, hire 
some* college students for summer 
jobs in range management. This ex- 
perience may belter qualify these 
students for jobs when they graduate. 

Besides having %^love for the QUt- 
doors, range managers should be 
able to write and speak effe^U^eJ^ 
and work with others. They should 
have the ability to work alone or un- 
der direct supervision. Good physical 
health and stamina also are impor^ 
lant. 



EmployriitittQ^f ranga fninagars is 
expected ^O^r^H faster than the av» 
erage foi ffU cr&^Upstioiis through the 
mid-19S0*i, Job opportunities 
throughout tliii ^eriod,%te expected 
to be good for pcrtoni degreei. 
in rang^ r^anag^matit or range sci- 
ence, Ai^, icprn^ Jobs ma^ ba filled 
by pei^ni \wi|h dagreai in related 
fields ^ho hav^ hs4 range niin' 
agerfient eoursei. 

An inor^aiitig datnand for tneat 
and other rsi||^l4nd produetsshQUld 
stimulate th^ n^ed for more^ ranga 
managtri, the amdutit of 

rangaland \§ genarally flited, raiiga 
manageri %il| be needed to increasa 
the output of rarigelandi^hile pro- 
tecting tlt^ir ecological baianam< % 
Alio, motfi rari|e tnanagari wilt i^l 
needed as the Rtimber of large Iwe- 
aock ranches inereases. . 

Ai*ail %n6 coal ^icploration accal- 
erstes, private industTy will probably 
require many more raiige specialists 
^to rehabilitate ecalogicatty disturbed 
areas. 

The uie of rangalands for otner 
purposes lUch M wildtife pr^tectidri 
and recreation could creata ad^itioi^^ 
al needs for f%nge managers. Federal 
hiring for the^e activities depends 
heavily upon Icgiiletion concarning 
the rnanaganient of range resources. 

Ettrnlnni anil Worlcing 

In the Federal Oovernment, range 
managers v^^ith the bachalor's degree 
started at either $9,303 cr $11 ,523 in 
1977, depending on their college 
grades." ThOic having I or Z years of 
graduate work beg^n at $1 Ui23 or 
$14,097; perions with Ph, P . degrees 
started at either Sf4,097 or $ 17, M6 
a year. Ranga managers with the 
Federal Govarnnient averaged about 
$20,000 a year in 1977. 

Salaries for rarige managers who 
work for StMfe governments and pri- 
vate companies are about the same 
as thoi# paid by tha Fedaral Qovef 
ment, according to limited data. 

Range rn^nagars may spend con- 
siderable time away frorti home 
working outdoor^ in rertiote parts of 
the riange 
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SdurMt 0f AiMHtalfial 
IntoniiAllDii 

InforniatiM aboiit t career as a 
rmw^ manager si J||||U as a list of 
schnobi affering tnlHg is available 

So^ietif for Maaa^mint, 2760 Wt Sth 

^ve. Denver, C^, $QtQ^. 
Wot inforniation about career pp- 
portuaitles in the Federal Govern^ 
meiitt contact; 

BurtMi of Land Mwi^t menu Danver St^ice 
Qmmn, Federal Center Buiklini SO. Den- 
ver, Col. S025S. 

FoTM Semce, U S, Depanm^nt of /kgncuh 
turf, Wsthingusn, DC. 202SQ, 

Son CofiierVatloti ScryiEe. Uil. Department ef 
AgHculture , WMhlngton, D,C. 202SO. 



SOIL GONSERVATIONISTS 

(D,0,T, 040 '08 1) 
Natura of the VVdrk 

Sail cofiiervatiDiiiits provide tech- 
nical asitstance to fanners, raneherm, 
and others eoncemed with the con- 
servation of soil and water. They help 
farmeFs^and other land tnanapiri de^ 
vel'op programs that make the most 
prodiictive of land without dam- 
aging it. Soil conservationists do 
most of their work in the rield. If a 
farmer is experiencing an erosion 
problem^ the conservationlit Nvill visit 
the farm^ fmd the source of the prob- 
lem, and develop a program to com- 
bat the erosion. For exatriple, if the 
erosion is caused by water runoff on 
iloped fields^ the conservationist may 
recommend ways to terrace the land, 
or construct pathways for the runoff, 
that do not remove soiL If erosion 
results from wind, the conservation- 
ist may recommend growing hedges 
in places that will provide wind- 
breaks or may suggest imprDved 
methods of fprming, such as leaving 
the wheat or corn italks on the field 
after HarveMing to provide ground 
cover. 

In many areas of the cotincry^par- 
ticularly in the West — ^rainfall is in- 
sufficient to permit the growing of 
crops. Vfuch of this land, however, 
can be made suitable for graEing live- 
stock if proper water conservation 




S^t cdnsarvatonlst prevldat farpaf wMi taehnical asalstanea^ 



techniques are used. Soil conserva- 
tionists inspect rangeland and recom- 
mend to range managers areas where 
ponds can be constructed to provide 
water for livestock. They also recom- 
mend solutions to problems of ^ver- 
graEing, such as seeding grassland or 
placing salt licks in undergrazed 
areas to keep the livestock away 
from areas that have bean over- 
grazed. In this manner they can dis- 
tribute herds so that the concentra- 
tion of animals in any one area does 



not exceed the ^placeable food sup^ 

ply- 

Soil conservationists pay close at- 
tention to weather patterns in order 
to be aware of coiiservation prob^ 
lems before they arise. During the 
winter .months^ they make periodtc 
snowmobile or iki^ patrols into the 
Rockies and other mountainous 
areas of the Weit to rneasure snovv^ 
fall. This enables them to predict the 
spring and summer water runoff. In 
years when the snowfall is light, they 
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aten fAAgt mAfuigin snd fairmbn to 
foMble water ^oit^i t, Md piveU 
op approp^le waif r ^onservatfoii 

la ad^iUQn le wdrkrag with todt- 
vWuaI Iftrmen wid fanchaii« aoil 
cemFvatioalftts art mtpi^ to work 
as ^hainl advuori to Soil md Wa- 
tif Coiiservattoii Districts wl^n solv- 
ing artawida land mansgefiieiit prob- 
lenis. A Soil ud Wattr Cowfvation 
DIstriat Is oiad^ up of a gfoup of indi^ 
viduals within a county whojare con-' 
cerned with, and responi|bU* for% 
consarvatlon problems wMtn that 
county. Soil conaervationisU working 
with Conservation Districts prepare 
maps of the district or parts of Uie 
district depicting parttcular prob-. 
Itms of loil^and wat^r conservation, 
Thty t|itf n use th§ maps to develop a 
conservation prograni for the entire 
area/Wiether It is only a few fartns 
and ranches or §n entire watershed. 

PIsMi off imploymvfit 

An estimated 7,5D0 soil con^rva^ 
ttonlsts were empl^ed in J 976, 
mostly by the Federal ^^ovemment in 
the U.S. Department of Agriculture's 
Soil Conservation Service or in the 
Department of the Interior's Bureau 
of Indian AfTain. Soil conservation- 
ists employed by the Department of 
AgricuIturr*work as adviiori for Soil 
and Water Conservation Districts in 
almost every county in the ccpuntry. 
Those employed by the Bureau of 
Indian AfTairs generally work near or 
on indsan reservations, mostbf which . 
are located in the Western States, In 
addition to those who work for the 
Federal Government, others are em- 
ployed by State and local govern- 
ments, and some teach at collegei 
and universities. 

Other soil conservationists are em- 
ployed by rural banks, insuranca 
firms, and mortgage companies that 
make loans for agricultural lands, A 
few also work for public utilities, and 
lumber and paper companies that 
have large holdings of forested lands. 

Training, Oth«r QuftllfleAtlons, 
and Advaneamant 

Very few co^egeg and universtties 
offer degrees with a major in soil 
conservation. Most soil conserva- 



tionists, ei^cially those employed 
by the Soil (ponservation Service, 
have degrees in agr^noiny* A few soil 
^nservationlsts have^degrees in re- 
lated fields of the . natural resouree 
scienees, sueh as wildlife biology, 
forestiyt and agrteuMral edueaUon. 
Programs of study generally mtist in^ 
elude 70 semester houn in natural 
resources or agriculture « including at 
least 3 hours in soils. 

A background in agricultural engi- 
neering is very help^l to soil conser- 
vationists, and' courses in cartogra- 
phy, or mapmaking, alib are helpful. 
Soil conservationists must be able to 
communicate well with f^ople, since 
much of their work deals with edu- 
cating farmen and rMche^ in sound 
conservation practices. Also, they 
must be able to prepsre written re- 
ports and plans of programs to pre- 
sent to farmers, range ^manageii, and 
Soil and Water Conservation Dis- 
trict. . 

Opportunities for advancement 
are somewhat limited. However, con-^ 
servationists working ^t the county 
leyel may advance to the State level. 
Also, soil conservationists can trans- 
fer to related occupations such as 
farm management advisor or land ap- 
^praiser. Those with advanced d^ 
grees may find teaching opportuni- 
ties In Qoileg^and universities. 

imploymant Outiook 

Employment of soir conservation- 
ists is expected to increase about as 
fast as the average for all occupations 
through the mid-1980's. In addition 
to employment growth, several hun- 
dred openings will occur each year 
from the need to replace conserva- 
tionists who die, retire, or transfer to 
other occupations. F&r example, 
even though employment of conser- 
vationists In the Soil Conservation 
Service haf not Increased over the 
past decade, the Department of AgrU 
puUure has hired, on the average, 
about 400 new conservationists each 
year. 

Employment growth will occur in * 
banks, public utilities, and other or- 
ganizations that make loans on agri- 
cultural lands or that have large hold- 
ings of farm or ranch lands. Many of 
these organizations are adding con- 
servationists to their staffs to help 



ppserve the v«liti firtntaQidft oh 
,l^ich fliey hol4 fa^rt|%f ^ h^lP 
th|ni comply wltH ^egilt ^ofts^fvs^ 
tion and and^pontfUci^ (n rnddK 
tion, itf coib^ni tm Vh^ iiiymmni^nt 
and tntereit ift e^^if rvtnS ^e pt0^ 
ductlvJty of agricuUuAl IMdt 
creases, a la^^r tfumNf eolleget 
^ould add Mil Mjtisirvatlon nt^jort 
to their dtgr^i ftfoif%<^^«^ whkh 
would incr^9a^ the ^^tH^d for soil 
coniervationii^ W flU ^M^ini 
tions. Howtv^f i ba^#ui^ thU ii a very 
attractive Job ^hoi^e for thMy P^c^ 
pie, competition f(0r J^bi Pl^adU ^on^ 
servationists mkl n^k^ it 4fW<^uU to 
find Jobs In this fi^ld. 

s. ■ . ■ 

Soil conlerv%tt0¥|i%(s wh^^ hAd a 
bachelor's degfe% mnd >v^f% eHi^ 
ployed by the, FedergI Qov^mment 
received $9,303 a Hmf 1911. Ad- 
vancement w illi$23 ^ouid ba 
pected after I ymht of uHhthCtOty 
service. Those v^h^ h»d oUatMdItii'' 
records in colUgi^ Of who % niaj- ^ 
ter*s degree, it%ft#q &t Sll,S23 aUd 
could advance to f l4,0^7 *ftef t 
year. F^tther sdvM£^eni^m aep^fids 
upon the indiv|du^l'*% sbiUty 10 sc- 
cept greater r#^ponsibil)^y> fi^rfiings 
of well-qualifif d Nd%r%l soil ^onier- 
vationists wt|th Mv^ral yi#rs' aiipeH- 
ence range from S 17,0S6 %%S,lt5 
a year. 

Because so|l QOriServatioitiili do 
most of their w^rlc in the fl^ldt this 
may be an ideal career fo^ a person 
who enjoys w^rklni Putdciors, tjsuai^ 
ly during periodi of b%d ^e^ther they 
work in their oW^^i, but aQ^asibn^l- 
ly they have to ^otk cxi^^^oH ifl iti- 
clement weather^ 

iouro%s at ^^d^^rifll ^ 

Additional Inttfrfndtiofi ch ^mploy^ 
ment as a soil coflserv^tiOftist tfi»y 
obtained from th^ U^S^ Cml Service 
Commission, Wi^shiftl^on, P.C^ 
2041^jEmployrriem bMiiOfl, OW^^ 
of Perioniieli XJS- Depsftth^flt of 
AgricuHure, Ny^ihingt^n, P C- 
20250; or >ny office the Depan- 
mentis Soil ConsifVaUOfl Service. 
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)'tl|VI|IONMeNr AL SCIENTISTS 



; ImfhoAtt^M lelMtitts help us 
'uiMirfi^ttd ouw patuTal environ- 

Ae OGMM. Ttese iciantets, mmm- 
ttaw luWiWQ at eaitfar sctentistti are 
cm^iMd wifli the hbtoryt eotiipoii. 
tloB, ^nd aliArj|0leristi€s of the 
eaitb'i itiif|i^t inttrior« and atmo^ 
q»ber4^Al&me do bmm research to 
iiicfeaie icienUfic J^M while 
others do apptilig^m^aceh, u^tig 
knowledge galMd from'^bMtc re- 
seugh to help solve pradligal prob- 
Jigm. Oep\^ifg0Uf fer examplet may 
explore for new lources of 611 and 
ot^er minerals^ while many met^o^ 
rpl^bts fotecatt the weather. ^ffU 
loiiiiiMtal lelpntlata also play an im^ 
portiiit lole in solving environmental 
pollutien prohleiiis. Many environ'^ 
mentml seientists teaeh in colleges 
aild universities. 

This chapter diseusses four envi<> 
ronmental science occupations^ge- 
ologiits, geophysicistSi meteorolo- 
gists, and oceanographers. 



QSOLOQISTO 

(D.p.T. 024.081) 

^ Natumof the Wofk . 

Geologiits study the strueture, 
oompositioni and history of the 
earth *i cnut. By 'examining surface 
rocks and drilling to recover rock 
eores, they determine the ^pes and 
diitributlon of rocks beneath the 
earth's surface. They also identify 
rocks and minerals, coifduct geologic 
cal surveys, draw ma|^, take iriea- 
surenientSp andTScord data. Geologi- 
cal research hel^ to ditem^e tl^e 
stnu^ture and history of the ea^ aiid 
may result in signiflcant advan^^s 
such u the abili^ to predict earth- 
quakei. An importent applimioh of 
geologitts* work Is iMatIng oil and 
other minerals. 

Geologists us^ i^ny tools and in- 
struments such a^baAimerst chisels, 
levels, transits (mounted telescopes 
used to measu^ angles), gravity me- 
ters, cameris, compass, and seis- 




deelettot esainlnliig iurfaee |eelis. 



mpgraphto (iiutniiiieafs that feeoKlt: 
the inteittlQf and ^raUon of emb-^- 
qtiakes apd earlh tremorg). They 
evalifite b^matioit ftom phe- 
t^nphs taken ttom aircraft and mt^^^ 
ellites and dse computers to ^ord 
and analysrdaui,- 

Geologists also escamlne. chemical 
and physical properties of ipeciment 
in laboimtories under controlled teni^ 
perature a^^eisure. They may 
study fowl r#/nains Of animid and 
vegetable life or ex^rimegt with the 
flow of water and oil through rocks; 
Lahontory equipment used by ge^ 
ologists includes complen instru^ 
nientt eueh X^myj' 
etert which determines the structure 
of minerabi and the peU0graphlc w^i- 
croscope, Used for €lose nxud^ of 
rock formations^ 

^Besides locating resources ai|d 
working in laboratories, geologists ^ 
ate are calMI on to advise construc- 
tion companies and governmental 
agencies on thc^itabllity of certain 
locations for icQnitructing buildings, 
dams, or highways. Some geologists 
administer and manage research and 
exploration programs^ Others teach 
and worfc on research p^Jects in coN 
leges and universities. 
Geologists usually speeialize in one 
^r a eombtnatlon of three general 
areas — earth materials, earth pro- 
ceMes, and earth history. 

Economic gkohgUts locate earth 
materials such m minerals and solid 
fbels. Petroleum g^aiogisis search for 
and recover oil and natural gas. 
Some petroleum igeologists work 
near drl^g ^ites and others corre- 
late petroleum related geologic infor- 
matioh for entire regions. Engimtf^ 
ing geoiogiiis determine suitable sites 
for the construction of roads, sir- % 
fields, tunnels, dMis, and other sjtruc- 
tures. They decide, for exattiple, 
whet^r underground rocks will bear 
&ie weight of a building or Whether a 
proposed structure may be iii sin 
earthquake-prone area. Mineral^ 
ogisik analyse and classify minerali 
and precious stones according to ' 
cospoiltUifr-a^ itfUCtMfei 
chemists study the chentieal compo- 
sition Md changes In minerals and 
rocks to undentand the distribution 
ahd migration /of elements in the 
earth's crust 
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Otolagiite cbheanicd with $arftf 
pto^tmis ittidy land forms an4 t^ir 
ropk m^€i, ssdim#mary deposits 

^(in^ttier dep^ited by wa^r oif wind) 
and eruptive forces ^ueh as volca" 
n^s. Ke^am/&|uf# study aettve and 
ina^ive volcaiioes, and lava f^ws 
and other eruptiva activity. Gta/^or^ 
phologists fixainine landfornns and 
those forces, such as erosion Mnd gla- 
ciatibn, whieh cause them tb change. 

Other geologiits are primarily con- 
cerned with eart^ history. PaUo^olo- 
gistM study plant and animal fosiili to. 
trace the evolution and divelopment 
of past iifa. Geochronologists deter^ 
mine the age of rpcks and land forms 
by the radioactive decay of their ele- 
m^n^v^fr^fl^nipAf stuc^ the distri- 
button anrf arrangement of sedimen- 
tary rock lay^ by exa^iining their 
fossil and mineral content. 

Many geologists specialize in new 

, fields that requiri knowledge of an- . 
other science as well, Astrogeologists 
study geological conditions on other 
planets, Geotogical oceanography rs 
study the sedimentary and other rock 
on the ocean floor and continental 
shelf. (See statements on oceanogra- 

^ phers and mining elsewhere in the 
Handbook,) 

Piaaas of Employmant 

More than 34,000 people worked 
as geologists in 1976, More than' 
three-fifths of all geologists work in 
private industry^ Most induitrial ge^ 
^logists work for petroleum compa- 
nies. Geologists also work for mining 
and quarrying companies, (See stat^^ 
ments on the mining and petroleum 
industries elsewhere in .the Hand- 
book,) Some are employed by con- 
struction firms. Others are indepen- 
dent consultaiits to industry and 
government. 

The Federal Government employs 
over 2,000 geologists. Two-thirds 
work for the Department of the Inte- 
rior in the U.S. Geological Survey, 
the Bureau of Mines, and the Bureau 
St Reclamation. State agencies also 
employ geologists, some workin| on 
surveys in cooperation with the U.S. 
Geological Survey. 

Colleges and univeriities employ 
ilbout 9,500 geologists. Some work 
for nonprofit research instttutions 
and museums. 



Bmpioynient ef geoiogists is con- 
centrated in thosi States wi^ large 
oil and mineral depoiits. Almqit two* 
thirds work in flve ^Weit Texas, 
Californiai Louisianat Colorado, and 
Oklahoma. Some are employed by 
American firms overseai for varying 
periods of time. ^ 

Training, Otiieif Quallflealldna, 
and 4dvan(g«mant ^ 

A bachelor's degree in, geology or 
a related field Is adequate for entry 
into some geology jo^bs. An advanced 
^degre^ is helpful for promotion in 
most types pf work, and if e^ntial 
for college tiaching and many re- 
search positions.^ * \ 

About 30O cofleges and diversi- 
ties offer a bachelor's degree in geoU 
ogy. Undergraduaie students devotj 
about one-fourth of their time to ge- 
ology courses^ incladi^g physical, 
itructu^l and < historical, geology," 
mineraloky, petrology, and inverter 
brate paleontologif/^bout one^third 
of their^ime taking mathematics, re- 
lated sciences — ^such as physics and 
chemistry— and angineering; and the 
remainder on generaf academic sub- 
jects. 

More than 1 €0 universities award 
advanced degrees in geology. Gradu- 
ate students take advanced courses 
in geology and ipgcialiie in one 
branch of the science. 

Students planning careers in explo- 
ration geology should like the out- 
doors, and must have physical stam- 
ina. 

^ Geologists usually begin their ca- 
reers in field exploration or as Re- 
search assistants in laboratories. 
With experienci, they can be pro- 
moted to project leader, program 
manager, or other ntanagement and 
research positions. 



Implaymant Outlodli 

Employment opportunities in geol- 
ogy are expected to be good Ar thoie 
with degrees in geology or in a relat- 
ed science with courses in geology. 
The employment of geologists Is ex- 
pected to grow faster than the aver- 
age for all occupations' through the 
mid-1980*s. This growth will create 
many new openings each year. Many 
^ditional openings will be created 



each yeiif by g eologiiti who retire, * 
die, or leave the oa€upaticm. 

Increa^d prices for petroleum and 
the necessity to locate new, sources of 
! other minerHli is dlder sourcei be- 
come exhausted will itsmulate do- 
mestid exploration activities and re^ 
fjutre many additional geologists. 
Additiohll geologists also will be 
needed to discover new resources 
and their potential uses. For exam- 
ple, geologists will help determine 
.the feasibility of using geothermal 
energy (steam frotn tha earth's interim 
or) to generate electricity. Oeologisti 
are needed to devise techniques for 
exploring deeper within die earth's 
cFust and to di^velop more efricfent 
meUiodi of mining fesources, They 
also are needed to .develop adequate 
water supplies and waste disposal 
methods, and %6 do site ejiraluation 
foi^construcilofi activities. 

Earnings and Working 
Oofi4lti^ns 

Geologists have relatively high 
salaries, with aveTage earnings over 
twice those of nonsupervisory work» 
ers in private indu'itry, except farm- 
ing. 

According to a survey done by, the 
College Placemeiit Council, in early 
1977 graduates with bacheldr's de- 
grees in other physical and earth sci- 
ences received average starting of» 
fers of $13,300 a yiar. Graduates 
with master's degrees in geology and 
related geological gclences received 
average starting offers of $14^900 
per year. ^ 

In the Federal Oovernment in 
1977, geologists having a bachelor's 
degree could begin at $9,303 or 
$11,523 a year, depending on their 
college recordi. Thosi having a mas^ 
ter's degree could start at $ 1 1 ,523 or 
$14,097 a year; those having the Ph, 
degree at $17,056 5r $20,442. In 
1977, the laverage salary for geolo- 
gists emplbyed in the Federal Gov* 
emment was over $23,000 a year. 

Conditions of Work vary. Explo ra- 
tio rr geologists often work overseas, 
Oeolagists travel to remote sitei by 
helicopter and jeep, "and cover large 
areas by foot, often woiking in 
teams, Oeologisti in mini^ some- 
times work underground. When not 
working outdoors, they are in com- 
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fartafili, wtlMightad, walUventilmted 
^ olRcei and laboraloHet« * 

Soyftat off A^dWonal 
. ' Infemiatleii 

O^nerml infortnation . on trslninp 
and baretr oppoitunitits fpr geolo^ 
gists is available froni! ' 

Ameriean'Oeot^^ InitltuU, 3205 Lefiibtifg 
Hki, Fftlli Chtirch, Vi, 31041. 
For tnformatioii on Federal Oov? 
amfAent oireers, contact: ' 

blte^fensy Sesid ef U S. Civil Sefvice Eira- 
Inefi for Washiniton, D.C. 1900 E St. 
F*fW,, Wash^gtofi, DX. 204 1 5, 



SEOPHYSIOISTS 

(D OT. 024,081) 

Nafbr« of th« Worfc 

^ Oeophysiclsts study the composi- 
tion and physical ispects of the earth 
and its electric, magnetic, and gravi* 
tational fields, Oeophyslciits use 
iighly complex instruments such as 
the. magnetometer which measures 
variations in the earth's magnetic 
field, and the gravjfnetar which mea- 
sures minute variations in gravita^ 
tional attraction. They often^e sat- 
elHtea to conduct tests from outer 
space and computers to collect and 
analyze data. 

Geophysicists usually specialize in 
1 of 3 general phases of the science^ 
solid earth, fluid earth, and upper 
atmosphere. Some may also study 
other planeU. 

Solid earth geophysicists search for 
oil and mineral deposits, map the 
earth's surface, and study earth- 
quakes. Explaration geophysicists use 
seismic prospecting techniques to lo- 
cate oil' and mineral deposits. They 
send sound waves into the earth and 
record the echoes bouncing off the 
rock layers below to determine if 
conditions are favorable for the ac- 
ciimulation of oil. ^ ' 

Seismahgists study the earth's in- 
terior and earth vibrations caused 
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earthquakes and manmade expio 
lions. They explore for oil and miner- 
als, itudy underground detection of 
nuclear explosions, and provide in- 



formation for use in' cofistructin^ 
bridgai, dams, and buildings. For exf 
ample, in constructing a dam,|seis« 
i^plogists determine where bedrock 
(solid rock.beneath the soil) is 
closest to the surface so the best dam 
site cart be ielectcd. They use explo- 
sives or other" methods to create 
sound waves that reflect off* bedrock; 
the time it takei for the shock wave 
to return to the surface Indioates the 
depth of bedrock. Seismologists also 
seek to understand the causes of 
earthquakes so that one day they 
might be predicted, 
in- . Geadesists study the siEc, shape, 
by J^^^ gravitational field of the earth 



and other planets. Their principal' 
task is precise measurement of the 
earth's surface. With the aid of sateU 
lites, geodesists determine the posi- 



tions, ilevat^ns, aiid diitaiices be- 
tween points on the aarth, and 
measure the intensity and direction 
of gravitational attraction. 

Hydrologists are concerned with 
the fluid eaHh. They riiay study the 
distribution, circulation, nnd physical 
properties of underground "Md..#ur^ 
face waters, including glaciers, sn^Nv, 
and pernnafroit. They also may study 
rainfall and its rate of inflUratlon i nto 
soil. Som€^are,pMncirn€d with ^ater 
supplies* irrigation, fload Gontrol, 
and soil erotip*^ (See itatenient on 
oceanogri^hers, sometiines clasii- 
fled as geophyMcal scientists, ehe- 
whert in the Hafidbook^y 

Geophysicists also study the atmo- 
sphere, investigate the earth*s mag- 
netic and Electric fields^ and com» 
pare its outer atmosphere with thoie 
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of other planets. Geomagneticians 
study the earth's magnetic field, 
Paleomagneticians learn about past 
roagnetic fields from rocks or lava 
fio^vs. Planetoiogisis Audy the corn- 
position and atmosphere of the 
nioon, planets, and other bodies in 
the solar system^ They gather data 
from geophysical instruments placed 
on intefplanetary space probes or 
frorn eQuipment us#d by astronauts 
during the Apollo missions. Meteo- 
rologisis sometimes lire classined as 
geophysical scientists (See gtale 
rnent on meteorologists elsewhere in 
the Handbook ) 

Plicda of Ernpioyment 

About 12,000 people workeJ 
^eophySif^ ist^ m 1976 Mubt waiK lii 
private industry, thictly tui petiule 
um and natural ^£i^ coiiipmitcs (Sec 
statement on the mining and p^ktuh 
um industry elsewhere in the tt\iFid ^ 
book ) Othei ^ in ininia^ i,uinpci|^ 
nies, exploration and con^ultirsg 
flrmi, and resedi«^h iiibtiiuli^:^ A t^w 
are independent consultants and 
SvJriic d«J geophy^i^^l pi u^tp&t. tiu^ iut 
a fee or gontidct ba^i^ 

tieopliysic ists arc h*^ J ii. 

tiiaity 3u ulh w £^ t ^ i ii L&iid ill 
Sti&te^ afi<J Ui (hijii iLjii i i lilt 

fields are located Some jeophysi 
twists die eiiipluyt J I* y \incil^uii 
firms oveirieas for vaiyifig pcriod.s of 
tintc 

All.....* L J,**. 

Federal 4 io *^e rn in c nt dgtnun;? Hi 

1976, n.dinly the U b iii^yiU,^ al 

Survey, the h4dliu.i£il t*^-£dniw iiiiJ 

Atino^phc&ic Ad I u i b 1 1 a 1 1 it 

_ - \ 
(NOAA), diid UiC Del c flat J a! ( 

fTleiit t/tl.ei gi^iipL ysii. I .tt?* ^^jiW tiu 

L;4jlle^«.s iilid uin vci SI tit. a Lilat^ 

efiitnenlj, aii 1 liuiipiufil » jseau in 

^Itluilonb 



. ^ geophysical speuaUy 
4;iv.ni for mo^l be^liinln^ j6ti4 i > 
physics A bachelof 's degree in ^ i 
laied field of science or engineJiirii^ 
also is adci^u^le preptfraiion. pruvid 
ed the person has t^ourse^ in geuphys 



ICS, physics, geology, mathemalics, 
chemistry* and engineering. 

Geophyslbists doing research or 
supervising exploraiian activities 
should have graduate training in geo- 
physics or a related science. Those 
planning to teach in colleges or d 
basic research should acquire a P 
D. degree. 

About 50 colleges and universities 
sward the bachelor's degree in geo = 
physics Other programs offering 
training for beginning geophysit:isis 
include geophysical technology . geo 
phy^sical engineering, engineering ge 
ology, petroleum geology, and geod- 
esy 

Moi c lli^i! OU uii Iv^i ^Itle^ grdti t I he 
uiiister'b and Pli D degree in geo 
phys!cs Candidates with a bachelor'ss 
degi c& whl^ti in^ludc^ woui^es in ge 
ulugy, inatheniatics, physiL?*^ cngi 
heciin^ ui 'a ctinibnisilioii t,.jt these 
subjects ^.au tj«^ adinltteiJ 

Cituphyslt lsla otleii WLii K as |/4ia 
M (edii! I hey bhuuld he cunoiih^ dikd 
^ ticdl jijid fsole tu i.unimunicate ef 
fei^tivciy 

Most new gcuiJiiysicistb t^egin then 

^ dunig field indp|Jiiig Of explu 

1 aiu^n ^ijiiie aS^ht &eii lui ^etiphysi 
wlsts ii. ie3ei.>t=ri liiboi dttii ieS Wlt!i 
w ^ p . 1l t i e g Y iy &i wis t^^ ^Mti ad 
vant>- ti> Jijt - ^iit.h dS pKJJe.<l le,_^Jc:i 



i\ ^! .^lii ill.' 



dgjnient an.l leseargfi joi>s 



t itti^l^y lit ef II i^iillawft 



^ t ^ !l lit be V £. ^ ^^jijd 1 t^ili I ^ 

ail a de^ie ; in geophysics ji a re 
h ti^vi t^eld Ui«fU^h few opeiaii^s ^ic 
fcjtpe ted i ifeveflh^le.^& the iiuiiibci 
uf pe^iple ^ii€lll^led lu c k.lci die field 
inijy fall snort uf rcmjlfetneiits if pic 
sent lieiid-5 in tlie ituruber obidining 
hysics ti^inlii^ continue 

bnjploy ik jcni of g^ijphysici&is c 
|,. i^ted lu givJv^ fa^tei than ihe ^^ve r 
dgc hi* dll ue4^v_ipat|L>ii& thiOii^h the 
iiiia iVrtO'L Aji kiiu^^n depusila of 
pet I jldani t^.tid uifief iiiii<i:r^lb are 
pletsd, |jeiiukurii aiid iiiliiing WorY^ 
ponies .^vei the nc^t j£,.ddc ^ill need 
iiivied^lng iiiinibeiis of ge u physleis Is 
whi/ u^e aetpriisiiw.ated electfoiiiw 

(i^vfwnquast to find ItsA kigt^hdible fuel 

and niinerbl aepusils 

hi additioii geophyaitiau M^ltf* aU 
> ^n*. cd iiaming will be neeucd ti. do 



research oii radioactivity and cosmic 
and solar radiation and to investigate 
the use of geothermal power (steam 
from the earth's iriterior) as a source 
of energy to generate electricity. 

Federal agencies are expected to 
hire more geophysicists for ne>v and 
expanding programs=, Th rough the 
mid-1 980's, jobs will depend heavily 
on funds for research and develop- 
ment in earth sciences as the Govern- 
ment supports energy research in 
both establiihed and alternative 
^uurees 1 he Governrnent also may 
fund researuh to locate more natural 
resources and to prevent environ- 
mental dainage through better land 



Cttrnlng^ and Working 
Conditions 

.,*ldiieb With dv^rdgc coinings in ore 
than twice iliose of lionsuper visor y 
workcia in pan vale iiiduMty, except 
^ r [111)1^ 

According tu a survey done by the 
i allege Flas^^^niciit C\>uiii,il, lii c^ily 
197 7 graJualES with bachelor's de 

ees in olhci p^liysic-ai anj eailh 
entes iwceived average siartiiig ol 
feis i,i $Ij iOo d yeai Cjlfradu^tes 
w I ih i li Jci^i 4 3 III ^t; *jJugy lAllU 

relal^d guiJlogical scidrfces received 
average stdiliiig ufleia uf Sl4 9()C) 
per yeai 

li. the I .-,l....= l li. iiiDtsii lii 
f M^' i liyaUi^t lui\ lug a bsai he 

$1 I j23 d >cai . uepcnuiit^ on their 
w^/iU^e .c*. urds Cie upjli ybicibth hav 
ii*g a li.^slei's d^giee COulU Stdft at 
% \ \ ^yZ:^ Ol $ 1 4 84 1 a ye ai , ih cse 
haviijg a Hh O degiec ai$l7,u5&ur 
$2u 442 In \ tlic iivtrage sal ary i 
fui ^C4jp fiy. j^isib cinpluyed by tli^ 
Feaeral Goveti^.nent was abooit 
$24 5Ci() M yc^i , 

Many ^i,<jphy^i. i^il . tk ./i.tdi^.^ia 
.,itd 111 u it be %'Vilint^ \\j i^avel foi 
^ht^nded piiii^.Js of liiiie i4)rne work 
at iesciif*:h stdllona in le.niJte afeas, 
ui dbuai d ^Itlp^ aikd ^ii .1 dtl e^uipped 
widi jiUphiSlicated gs oph y bl -Jal e^u ip- 
fUiint When not in the field, geD = 
physiuisls work Mi moderni well- 
equipped, well lighitd laboratories 
and offices. 
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^ SourcM of Additional 
Informition 

General information on career op- 
portunities, iraining, and earning for 
geophysicists is available from; 

American Ceoph^sieai Union. 1909 K St. 
NW., Washington, D.C, 20O06. 

Society of Esiplcration Gsophpicisis, p,0 
Bex 3098, Tulsa, Okla. 74101 

For information on Federal Gov- 
ernnient carears, contact: 

Interagency Board of U S CMhService Eiah^ 
ifi€rs for Washington, D C . 1 9(M) E Si 
, Wiisjiington, D C 20415 



METfiOROLOQISTS 



(D D T 025 U8s ) 
Nature Qf th@ Work 

MeteUfoIogy is ihe study kit it\^ 
. inosphere. which h the air that ^ur^ 
^founds the earth = Mctt^urolugistb de- 
scribe and try to underBtanc^ the 
atmosphere's phy^iicil characteri^ 
tics, motions, ^nd pf^j^mm^. and de 
termine th^ %^ay the behaviur ut the 
atrnosphieic dtffi^ia the itJii ,A .an 
physical eiivirunnicnt Ih^ l.tsi 
knu%vn applltjatiuii of ihia kiitjvi JcJg*; 
is in understanding and ftuecasling 

thg wCiAlhcf Mc tw UIO lo^Ka i It 

search is also applied in many oih^r 
areas nut Jiict^tly rclai^il ww^ittici 
foreCdSliiig sui^h as ijhUgi >.laiidln^ 
and .H>iviii^ ail i..>ll.aiuii |jivjt>ltins 
and jiludyini ire. ids m the . ^ailh '?* t-li 

forecasting the w.aihe. ^ kjui^n pii, 
fessjorially m j> ni>pfk tj.titu/fijii^^i^ t\ ^ 
are the largest group of fepcuiahsih 
They study current wedther infurnid 
tion, such as air pressure, tenipera 
lure, hufnidily, and wind vtlocity. in 
ordei to niake shurt range aii«4 lc>isg 
range pied it t ions I heir data ^:t>iiie 
fran^^ weather satelhtes and obst^rvers 
in many parts of the world Although 
some forecasters still prepai e arid 
anajy/e v^eather maps, nmst data 
novv arc plutted and analy/.eJ hy 
computers 

Some meieorulogists are engitfetsd 
in basic and applied research For 
example, physical me tei)ri)if)Mis ts 




MsUaraloglsl stndlng wMthAf balloon aldft 



■ il*.. > tit^inlt^ui ii nd eleelrical 

piv^^ic.iics L>f the atiiitisphere They 
do leij^ciit n on the effect of the at- 
mt>sphcit on traiisini.ssian of light, 
.^tjuiid. aiid ladi^ waves, as* well kLh 
htudy factors affcctiiig fLSittialiuri of 
»._-lotid_. iaiii siiow and either wcatlie r 
p hciiof iieiio ( ilhtf nieteorologi^ls, 
kiiuwii ciifFiuiifitfjfiiis, study cli- 
iiiaili^ Kiaiids aiid aiiajy^e past rec = 
Liids wind lulhfalf sunshine, and 
ii4Mi|*ctc.iuieL, deiciiiuiie the gener- 
al patteiii uf weather that makes up 
an area's ijliinale These Studies are 
u.^eful in plarining heating and cooU 
uig ^ysieins, designing buildings, and 
aiding in effective land utilization. 

Other meteijrtjiugists apply their 
Kiiuwleij^e in the study of the rela = 
tlunj^hip beiwten weat|ief and specif 
ic humai activities, biological proc- 
esses, arjd agricultural and industrial 
uperatiarisi Fur example^ they may 
niake weailier tijrccasts fi^>r in^t^id- 
ual coinpanics, or rnay Work 0R prob- 
lenis sijch as smuke control arid air 
pollution abatement 

About one third uf all civilian met 
gorologists work primarily in weather 



forecasting, and another one third 
work in research and development 
Altnost one-fifth of all civilian me- 
teorologists are in administrative or 
management positions, - 

So me meieurologisls tsagh or do 
I ^search frequently combining 
both activities— in co|le|es and uni= 
versities !n collages without laparate 
departments of meleorology, they 
may teach geography, niathematics. 
physics, chemistry, or geology, as 
well as rneteorology, ^ 

Pldces Of Eniploynnefit 

About 5,500 persons worked as 
iiietearologisis in 1976. In addition to 
these civihan meteorologists, thou- 
sands of members of the Armed 
Forces did forecasting and otherme^ 
ieorolo|^cal work. 

The largest employer ut civilian 
ineteorologists was the Natiorial Oce- 
anic and Atmospheric Administra- 
tion (NOAA), where over 1,800 
worked at stations in all parts of the 
United States and in a sn^all number 
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of foreign areas. The Department of 
Defenie employed over 2O0 civilian 
mateorologtsts. 

AIniost 2»000 meieorologists 
, worked for p^vate industfy. Corn- 
et. marQial airtines employed several 
hundred to forecast weather alo^g 
flight routes and to brief pilots on 
almospheric conditions Others 
worked for private weather consult- 
^^ing firms^ for compantes that design 
1 and manufacture meteorological in = 
itrumenti, and for firms in aero- 
space, insurance; engineering, ulili 
ties, radio and televisiun, and uthcr 
indiiitries. 

Colleges and universities em 
ployad over 1,300 meteorologisis in 
research and teaching A few worked 
for State and local governments ^nd 
for nonprorit organizations 

Although meteorologists yvuik iii 
all pkrts of the country, nedrly one 
fifth iive in just two Statesi Califui 
nia and Maryland Alriiust uii^ tenth 
of all rneteorologists work in the 
^ Waahingtijii , DC aiea 

Training, Other Quetifi^attufi^ 
ind Advaneement 

lit in^ teor«jlogy the u^Uiil f t.l> JUiunt 
requlrennent fc^i bc^inriinii job^ m 
wca.ther ' fuic^^ii^in)^ liovv^vei a 
bacheloi 's degree in a i «^Iated Ncieu . e 
Of eiigiii€€i in^ dlufi^ wiiti ^ufiic 
courses in rneteosology* \^ acet.^table 
for aoiiic jipbs hui exaiiiple the ted 
er^l Go vernniwnt fniinmuuv ic^i^i^iii c 
ment foi beginnnig jobs u bikthe 
lor*s Jegiise with at least JO ^ifeniesiei 
hoiiis of ^lAiC^ lu ifiele >io lu^y Aiid 
^^ur>t^5 111 phy^ii;^ all (J in ^tt tcnu. (i^^^ 
includiiig galcblus Huwevcf ciii 
ployers pilfer to tiii^ ihu^v wiiii an 
advan^od dsgiee, airu ^ii ^Jvc&ii. eJ 
degree 13 inwrciifiin^iy t!c«^ w^'<i€kiy fi/i 
adv^n4:ii rik ^ni \ 

For rcscarcit »iid c^il^^.. t^^^. > t^^^ 
aiid fui many lOp pu^MiuiiA in 

uth^f lueteurt/Iugit^al ttv lil^d aii 

III Ml V Lc 

orology, is as^enti^l Hoi^'evei puKj 
pie with giaduat€ degreb^ in ^ittici 
sciences also may ifualify if i.tie^ hdve 
advanced dourses in rnel^oiu 
physics, mathematics, ^nd ^henu^try 
In 1976* 44 colleges ^nd univ^rsi 
ties offered a bachalof's degree in 
meteorology or almosphfcric scicrit.«, 



59 schools offeredadvanced degrees. 
Many other institutions offered sor^e 
courses in meteorology. \ 
The Armed Services give and sup = 
port meteorological training, both 
utidergraduate education for enlisted 
personnel and advanced study for of- 
ficers. 

NOAA has a progrann under which 
some of its meteorologists attend col = 
lege for advanced or specialized 
training. College students Can obtain 
summer jobs with this agency or en- 
roll in its cuoperaiive education pro 
gram in whiwh they work at NOAA 
part uf the year and attend school 
part of the year In addition to help- 
ing students finance their education, 
thib program gives them experience 
valuable fur tinding a Job vvhen they 
graduate 

Beginning incteoiologists Often 
^tart in jobs involving routine data 
gollc^tiu»n. coniputaiion, ur analysis, 
b^perienycd ni^^leorulugists may ad 
vanct- in academic rank br to various 

aiipeivlswry uv iidiiiiliistiatl ve jobs= A 
few very well qualified meteorolo 
gists with a background in science, 
EiiglneerUi^^ diid bu^me^s adminis^ 
tralioii may esiablish their own 
w^athci Cun^ulting ^ervii^eS- 

Uutiook 

^. uuld be favuft^ble ihiuugh thw 

niid-iMHO's Atthough th*i number of 
i>pt^ iiUt^^^ 4Ji^aicd by gguwih in the 
u^^tip^tU'fi diid leida^enient iiee*is 
iu>i o^pe^t&d lu be lar^e . the nunibci 
ut poisons oblaining degiees m mete 
uf olugy also 1^ small If trends tn the 
luinibei uf dw^gi^c^ gf dnied cohtluue, 
iiiv iiijiubti uf pcLjple ^e^king eniiy 
to llie field ^lll about aqual require 

vliole. 1^ ^fxpet^tjd iO ii,.reasy ubcfiit 
aii f^t Ah the aver^gi^ for ^11 o^cupa 
Ik.iis iiii.plo^nicnl of meteorologists 
In iiidastry dnd In weather cunsultirig 
fh nis 1^ expectifd tu grow as private 
iiiduaii > realifcs the impurt^n&;e of 
meteuiglogy tu understanding and 
ptcveiitiiig au pMlluiion Many ^om ^ 
p^nie^^are al^ii recognizifig the value 
uf having ihcU own weathei forecast 
ing and mel^ orological services 
whiwh CttO be tailored to fit their 
needs Tht-ie also should be sunie 
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Openings in radio and te»levi5ion as 
stations increasingly rely on their 
own meteorologists to prepare and 
deliver their weather repqrts. College 
es and universities vvill offer some job 
opportunities, especially for 4hose 
with advanced degrees. The employ- 
ment of civilian meteorologists by 
the Federal Governnnent is not ex- 
pected to grow significantly, al- 
though there will be opeaings creat- 
ed by replacement needs. 

Earnings and Working 
Conditions 

Meieorologists have rel^ively high 
earnings; their salaries are about 
twice the average for nonsupervisory 
workers in private industry, except 
farming 

In 197 7, fTieieorologists in the Fed- 
eral Governmeni v^ith a bachelor's 
degree and no experience received 
Starting salaries of $9,303 or $1 1 ,523 
a year, depending on their* college 
grades, rhose with a master's degree 
could siart at $11,52 3 or $14,097, 
and those with the Ph. D. degree at 
$1 7.056 ur S20,442. The average saK 
ary for meteorologists employed by 
the Federal Goveinmeni was 
$24 50O in 1977 

Alrlin^ meleoii^^lu^i^i^' ^alaiic^ 
longed fit>m about SloUOO to 
$24,O0o a yeai in 1 9 /O, depending 
on experience (See Statement on 
Oc<»upAUoii^ in Civil Aviatiun else 
where in the Handbijok ) 

Jobb in w^dther st^tiun^ ^Uit^tt aii^ 
,i|^eraltfd around the t^lutk 7 da^ s a 
week , often invulve iilght^ork and 
luiatuig shifts Must stations are 'at 
airports jrinoi near ,.il!es, some are 
Ifi ISO Id ted and lemoie areas Meieo- 
roiugtsts ill smaller weather stations 
generally wurk alone, in larger ones, 
they >*ork as part of a tearrr 

Soyrc^ea Of Additional 
Information 

^ i .ti^iskX iiduMnaiion oii ^ ax ter op 
/itunitieb in meieorulogy is avail- 
able from ; 

St . Boston. Mass 02 108 ^ 
Aih^rii^ttn CJef^pNysital iJnitjfi^ I ^0^ K St 

For facts about job opportunities • 
with the NOAA National \yeather 
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Safvice and its student cooperative 
education program, contact: 

Perioiin^l Operations Branch, AD 4 t, Nation^ 
at Oceanic and i^tm^jphsrlc AdniifiistraL^ 
ticn, 60OI Ekeculivc Blvd = , Rockvilte. 

Md- 20S52. 



OCEANOdRAPHERS 

' (DOT. 024.081 arfd 041,081) 

Naturt of the W&wk 

Oceans cover more than two- 
thirds of the earth's surface and are a 
source of valuable foods, fossil fuels, 
and minerals. They also influence the 
weather^ sarve as a '^highway" for 
transportation, and offer many kinds 
of recreation, Oceanographers use 
the principles and techniques of 
natural science, mathematics^ and 
engineertng to study oceans^ their 
movements, physical properties, and 
plant and animal life. Their research 
not only extends basic scientific 
kr)Owledge, but aUo helps develop 
practical methods for fort^casting 
weather, etc veloping fisheries, mining 
ocean resoufces, and improving na- 
tional defense 

Most oceaiiographers lesl their 
ideas about <tf he ocean by making 
observations and condugtirig experi- 
nricnts at sea. They may study and 
collect data on ocean tides, ijurrenis,- 
and other phenomena They may 
study undersea mountain ranges ^nd 
valleys, oceanic interactions with the 
atmosphere, and layers of sedimeni 
on and beneath the oce<in floor 

Many oceanDgraphers work pii 
marily in laboratories on land vytiere, 
for example, they measure, dissect, 
and photograph fish They aUo study 
sea specimens and plankton (floating 
microscopic planti and aninials) 
M^uch of their work entails identify 
tng, cataloging, and analyzing difTer- 
ent kinds of sea life and tninerals. At 
other laboratories, oceanogfapheri 
plot maps 0€ use computers to test 
. theories about the ocean. For exam- 
ple, they may study and test the the- 
ory of continental drift, which states 
that the continents were once joined 
together, have drifted to new posi- 
tions, and continue to drift, causing 




Feyr eut of t«n oettindgrBphcra worti In jyil thrv« Sialra-^flttfomla, McFytsM, ani 

VIrBinIa, 



tlour to spread in places. To 
present the results of their studies, 
oceanographers prepare charts, ta- 
bulations, ind reports^ and write pa- 
pers for scientific journals, 

Oceanographeri explore and study 
tti€ ocean with surface shtp^ aircraft, 
and various types of underwater 
craft They use specialized instru- 
ments to measure and record the 
rmdings of their explorations and 
studies. Special cameras equipped 
with strong lights are used to photo^ 
graph marine life and the ocean 
floor. Sounding devices are uted to 



/ 

meastire, map^ m^d locate ocean ma- 
terials, 

Most oceahd|raphers ipeciatize in 
one branch of icience. Biological 
oceancgrapPurs (itiarine biologists) 
study plan/ and animal life in the 
oM^n., TJie biological oceanogra< 
pher's fmm%tch has practical appliQiL- 
tions inr improving and controlUiig 
commercial and sport rishing and in 
deterfniiiing the effects of pollution 
on marine Wtm^ /Physical ocemnogra' 
phef-s (ph^^siciiui and g^gophyiiQisU) 
^dy the physical propeiiies of tht^ 
ian. Their research on the rela^ 
lonships b§^een the gea^nd the at^ 
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mosphfre may lead to more accurate 
predioUon of the weather. Geological, 
oceanof rap hers ( marine geologists) 
study the ocean *s underwater moun^ 
tain rangei, rocks, and sediments, « 
Locating regioni where minerals, oil, 
and gas might be found under the 
ocean floor is an application of their 
work. Chemical oceanographers in- 
vestigate the chemical composition 
of ocian water and sediments as well 
ai cherfiical reactions in the sea. 
Qceanographic engineers and elec- 
tronic specialists design and build in 
strutnents fqr ogeanographig re 
search and operations They also lay 
cables and supervise underwater 
constriictian. 

Many other ^cienuau Ah*a wuiK on 
probletps related to oceans, but are 
counted in other bcieniinc rteld^ bugh 
its biology « chemi.^itry, or geolugy 

Pla£«s of &mpl«^ymfiiil 

^^eanogi dpher^ m f976 About u..c 
half worked in wull£ge& a*id unKeiai 

ties, <and more than one-fourth for 

ihc Federal Ou ve i nm e iil Fedci iil 
agencies employing substMiiUiil iium 
bers of oceanographers ingluUc ihc 
Nav^ isiid the Niitloiicil i^i^sariiw ^iid 
Aimasplicfig Adiiiiiiibirsiiun 
( A A ) ^ u 111 oc e A f i o^i ^ p li e i § 
work in private tnuustry, a few work 
for fishery Idboratoilc^ Sl^it anj 
local govei riments. 
Must 

^lates Ui^i border on rh^ .A 
thoiigli theie die ^oi«te ^ i^c^ii^Ji^ia 
pheFi i^nipluycd 111 aLnuai ^sfKny 
State F'Oiif uut of i U >>ceafiMg^ .kptic^ 1 3 
)AfOrk in ju^i thi ee States C a| Ifot iiia 
Maryjaiid, and Vuginia 

■nd AdvAng^rnvnl 

I ii% iiiiniihuiii lequirariiaiit i t 
^i^uiin^ profes^ii^ri^l jobs \ii ui ^.t^ 
raphy a bachelor's degree wiih , 
majo^ ill oceanogi aphy , biology 
earth or physical sciences^ maihe 
matici, ur engineering However 
iTiost jobs tn fesearch, teach iiig. aiuJ 
high-level positions in most Oihei 
types of oceanographic work i^i^uiic 
graduate training in oceanogi^phy oi 
a basic science, and a doctoral de 
gree is often pieferred or required 
for many ocea^graphy positions 



About 35 colleges and universities 
- offered undergraduate degrees in 
oceanography or marine sciences ir\ 
1976. However, undergraduaie train- 
* ing in a basic science and a strong 
interest in oceanography may be ade- 
quate preparaiiqn for some begin- 
ning jobs and is the preferred back- 
ground for graduate training in 
oceanography. 

College courses needed to prepare 
for graduate study in ocearlography 
include matheniatics, physics, chem 
isiry, geophysics, geology, meteorol. 
ogy, ^nd biology In general, students 
should specialize in the particular 
science that is clost^st to their area uf 
uceanogfaphic interest For example, 
students i^tere^ted m chemi^^l 
oceanograpny could obtain a degree 

lit chem i^try 

111 1 976 . abwui 55 i^olieges i^tlered 
i&dv^.tit^ed decrees iii oceartygraphy 
and TTiartiie sciences In graduate 
^chuoU, ^tudentM take advanced 
i^uur^e^ tit uce^iiogiaphy ^nd iri ba^ic 
^gienae^ 

part of the iime aboard ship, where 
they Jo u^g^nugfaphii^ le^ar^h and 
beuv,iiic fanilllar with the ^lid 
wiih ivMhnique^ used tu obtain 

<i^idphiw iiit%#rinaiioii {) nivei 
siiiea having yt-^anugraphic iesear^h 
tsf^iliiiea ^Joiig our cu^stM 4JtfuF surii 
mer courses fur both graduate and 
uikdvi g! ^duaie ^laderiid Oceanupr^ 
phers should have the curiosity need- 
ed tij du ie^eitii^h dnd the patience lu 
*=ullc^l d^ils and wi^ndu^t e^peri 

i liCiiti^ 

Begll. >l>ig ■'- ^t^t^i iifitiiii ^ W Mil 

ii Q baLlicloi degree usually ii^ft 
it^3v.dt^h u! iaboratuiy assi^Lants. ur 
111 Jobs iiivuit^ing fuuiina d^t^ ^ull^^ 
tU'H. ^unipuidtion. or ar^alysia Mo^t 
be g I /i fling uceanogr^phef I receive 
uii the jub iraining The extent of the 
ti tuning varies with the background 
Aiid iieeJs uf the individual 

t. Mpci leni^s^d u^canograph&t^ wfi-^ii 
surveys ^nd research programs 
oi adv'ariwe tu adiTiinistratlve or su- 
peivisory jobs in research labQrato = 

f lea 

^ .May face cOiripelition through 
lue . iid r^SO'b Those with a Ph D 



degree should have more favorable 
employment opportuniiies than oih= 
ers, while those with less education 
may find oppof^unities limited to 
routine analytical work as reiearch 
assiitafits or techtiiciani Persons 
who corn bine knowledge of other sci= 
entific or engimering fields with 
oceanographic studies should haVfi 
better er^iployrnent prospects than 
others whose knowledge is limited to 
oceanography. 

Ernploynnent of oceanographars is 
expected to grow about as fast as the 
average for all occupations. This 
growth v*'i!l result frotTi inofeased 
awareness of the tieed for ocean re- 
search for understanding and con- 
trolling pollutioti, for recovering off- 
shore oil 0nd other natural resources, 
and for national defense^ However* 
growth iri employmerit may not be 
rapid enough to create enough open- 
ings for all those expected to seek 
entry into this relatively small field. 
Since the Federal Oovernrnent fi- 
nances rnosl oceanographic re- 
search^ a Isrge increase in Federal 
ipending in oceanography could im- 
prove emplpyrnent prospects 

Earningv «nd Workliifi 
Oondlfiofif ^ 

o^^asu^ii apheib have rtl^livpl^ 
j.tgh earnings Theif average salaries 
were more than twice the average 
fe^^ived by non^upervisory workers 
in private industry. eJicept farming 

Iri 19?^. oceanographers in the 
Tc^deti&l Oovernrneni with ^ bafehe 
lof'sdc^rat received sl^Lrtiitg ^^l^ri^s 
of S9J03 01 $1 U23 a year, depend 
ing on ih^ir college grades Those 
v^ttti a liiaMei's degree could start at 
SI 1 ,523 or $14.09?, at^d iho^e vvith a 
Ph D degree at$17. 056 orS20.442 
Ihfc average iglary for experiericed 
ocetinugraphcrs in ihe Federal Gov 
emment ift 1977 ^as kbout S23,8O0 
a year 

gtituiions generaU> receive the sanrie 
salaries hi other taculty inen^iberi. 
(See state rnent on College and Uni- 
versity Teachers elsewhere in the 
Handbuck ) In addition to legular 
salaries t fnany earn exrra mconne 
frurn consulting, lectyring, and wrtt= 
ing 

Oceanvgrapher^ engnged in re. 
pearch that requires sea voyages are 

n 



frequently a^ay from home for 
weeks or months at a imm Sonie- 
times they live and work in cramped 
quarters. People who like the sea and 
oceanogra^hic research often find 
these voyages satisfyifig and do not 
consider thre tim^ spent at sea a dis 
advantage of their work. 

iourcAi af Addftional 
Infarniitl^n 

For inforfnation about tafe^r^ m 
oceahQgraphy, coniaci 



Dr. C Scheiike, Secreury, American Society 
or Limnology and deeanQ'graphy, Great 
LaKes Reieareh division, University of 
Michitan, Km Arbor, Mich 48109 

Federal Government career infor= 
mation is available frorn any regional 
ortlce of the VS Civil Service Com 
mission or from; 

U S Civil Service Gtimmissiun/ Washington 
ArE% OfTu-e^ I yijO B St NW , Washing 
ion. D C 2041 5 

1 hfe booklet, rriiining urui t arter^ 



in Marine Stience, is available for flf- 
ty cents from: , 

Int^ rntfli^riil OCeinographic Foundation, 
3979 Bickenbickef Causeway. Virginia 
Key. Miami. Pli 33U9, 

Sorne inforniation on oceano- 
graphic specialties is available from 
profeisional societtes listed else^ 
where in the Handbook. (See state^ 
merits on Geologists, Geophysicists, 
Life Scientists, Meteorologists, arid 
Chemists. ) 
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What to Look For in this Reprint 



To make the Occupationai Outlook Handbook easi&f to 
use, each occupation or industry follows the same outline 
Separate sections describe basic elements, such sg work on 
the Job, education and training needed, and salaries or wages 
Some sections will be more useful if you know how to interpret 
the information as explained below 

The TRAINING. OTHER QUALIFICATIONS. AND AD- 
VAIsiCEMENT section indicates the preferred way to enter each 
occupation and alternative ways to obtatn training Read this 
section carefully because early planning -makes many fields 
easier to enter Also, the levej at which you enter and the speed 
with which you advance often depend on Y0\it tfaining If you 
are a student, you may want to consider fakiny those cuurses 
thought useful for the occupations which interest you 

Besides trairHng. you may need a State ficense yr%.^ftiti 
Cdte The training section indicates which occupatiGns gefief 
ally require these Check requirernBnts in ihe State wh^re yuu 
plan to work because Stai^ reyuldtiurib yary 

Whether an occupatioii suits your persufi^niy 
irftpjrtant area ig explore fat so'ne you may ha e lO rTiake 

leSpOnSlbie decisions if * a hiyfU/ wwfit^yilltU e ^tpMubphefw tu\ 
others you rriay du ui*ly /outirte Idbkb JnJef wluse bijpef vi^^iUf s 
To work s^cessfuily in h paf ticuidf jot* you i ^^^y rieve tu Ju u'H' 
C3r more Of the fullOyvifiy 



wi)fk witri all fypfeb 
wOrk with t^llngs /u^, neeu 
dftd nidnudi dexteMiy 
. . ■ k I ndepe f i du n 1 1 y ^ ^) , 

aulf d'St-Jpllf ie 

. k 03 par t of a t. 

laUCialufy i Jpt* iia 
n?_jip psuple 

tV Ij I t . I i ) a v_. ! n M 15 d r ^ ,i 

vvt-< ^ ^ uufbiUe fi' all t- vs'Sh '. 



yuu 

I he LMPl w r U . i * . m 

ejcpfjcted yrovsifi is wo^n^ art j [tu, u ^^^x,. 
fdte fur dll uCLuM4lKJn^.s i^U 1 ^ .^f i I divvetN 
The follow rny phrasea Jfe u^^ej 
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^dble^ 

About fa, 

Sluw^^ 
Little ui.^ 
Decline 



4 U 14 

4 u i-r -TtuN 



gtijvving at least as fast at* f ^ economy as . .. ,. 

But. you would'have to kficw the number t^t peoph 
peting with you to be sure of youf prospects Unfoi tunatel, , ti \^ 



supply tnformation is lacking for most occupations 

Thtpre are exceptions, howevef, especially among pro- 
fessional occupations, Nearly everyone who earns a medical 
degree, for example, becomes a practicing physician When 
th^=flljrnber of people pursuing relevant types of education and 
trainirig arrd then entering the field can be compared with the 
dgrnand, the outlook section indicates the supply/demand rela- 
tionship as follows 



tAu^llBn! - 

V 

Goou ur favQrdbiy = -- 

May fgwe wUf MpfelUiyri 



-Demand rnuch greater than 
supply 

-DBrTiand qreater ifidn supply 
^ Rough balance bejween 

demana and supply 
Likelihood of more supply 

than demand 
bupply greater ^han demand 



i !|.jt;iniui i ui few juU upenlnys sriuuld nol Stop yOUr purSU- 

J d uar^t^r trtdi rTiatchfes youf aptitudes and interests Even 
n^ii iji ovtifi^fuvvded occupdlions provide some jobs So do 
thos*3 in ^hich employment is growing very slowly or declining 
(irgvvth in an occupation is not the only source of job 
iinyb b^uduse the fiumiber of uperHrtgy ffoni turnover can be 
si/Ut, (arUidi In iarge os^cupdriui 'b In taci ifeplacement needs are 
trMp»^t.tea lo create 70 percent ot all operiings between 1976 and 

f . ^jN^ piv^sMfev.ta ifi ywiJi a^ea nidy differ rrurfi tfsube in 
. .. I icifiuri cij d ^fiole Youf Stdife enipioyment service can fur 
. .i^M lOi-ai I f ify r I nat ion 

Ifie t/AMNlNiiS bw*..Llw., iwili. vnai wwih^rs Wfere eufniiiy m 

e ^uOu intunTidl lur i ib dvjlldLie fOf Only Uftt t> Ot edfrt 
^^y^^ and ^aidrla^ and fiul ev^n ttilb twr ali ucwupd- 

n4.Jti::s AM fiuuyh 9 Olil of UJ wur Kfef S lec^lve this furm of IfiConm 
ri'ScaM^^ fe£3iii dxtra mufifc^ y^y wufkMiy uveitinie rJyfil L.hl|ls ut ir 
ifjyMh r SjuJ.edUleS in Surflv ut,t^up£illunb wy,K0rb dIbO fcwttive 
nps w' -uMirnibslOf "5 based ^ri bdle^ or s^eivlue bume factory 
\,^/\y<^'.G' i paid d pre^e rgie dn extra payrTierii for each item 

I f F e I t , i i d M ) i ■ i y I i ^ ^ , Co 1 V ! . I i ' ' £3 ' I VV i K U I ij t I t iJ ^ i I t5 i M ijl w > 

i ('lo'wdea pdupit, <f i rnan^ uJCupayorig physicians bar 
wHterb and fdnners tor exampla Earnings tor 
^ lipluyfed =^vgrkte,3 eveii . > the sani^ uCuvJpdtion Uffter 
s^idtsiy bteuaubt rriuch aapenuy on whether une l& jusf siartin^ 
bui ur i !d^ an esiablisbdd businfeas 

^1u&t waye and salary yvufk^t^ iQv.cive^ f. 11.^0 ucncfUs 
' da paid vaLdtiOriS Pioliuays anu iicK Iwu /e 
w^uikeri diao reueue fncOfTlfc in youdb and sui {y&y 

: ^ i i'l Kind) Sales putkeiB in department &loraa, for example, 
^jfte^ri fei.«ive Jiscoufits on merchandise 

L^feSpUe difficylt!e& ir^ detemitniny ©Aa, i\y ^vrioi f^ewpie ea<n 
jOb trife Earninyb section does currip-dte occupational 
,iinys by indicating wTiather a wertairi job pays rnore or less 
Irieun tHe ivbrage for all nonsupervisors m piivate industry, ex= 
LiucJirig farrriing 

Eit;h occupaijwfi fias nidfiy pay levels Beyinners almost 
ai^ays earn lass thari workers who have been on the Job for 
some iirrie Earnings also vary by geographic location but cities 
that offer th@ bighest earnings often are those where living costs 
are rriost e^cpensive^. 
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. dJiiiy wdb laKeM frofTi the 1978 79 lujiHo.i of the Oci upuii h.uI 

t. hjlfijwk fIrtiiJbuuK But I fit; flcillJtjuuK lb tfit? Mifily bOUFCe 

yj\ u:-5r-fui ...rtfct^i i ri fi ,f f Hrf t luM ^JUtjIlbtlKiJ t.j) tfiti BlJ/edU Of Labur 

Statistics The Handbook's companion, the Occupational 
f^iiiUjwK i^^wtificiiy la publibfied fuuf ihiieb during the schuul 

/t;af U-.i \ Kt.M r^uLr^t.i iLtjfb up tu iJdte Mew OGCUpational StucJleb 

. wiM^ata^nJ Lciwuci! f?Oitu^ML ui thn ridiiJtjOQk The Quarterly 

.i\i.:> K^i.i:^ f-ia^ liv>£il i r"! f w I ! I idi i kji \ t ! d 1 1 1 1 1 1 y dilJ e^dliUdtlund! 
(T ) vViiM,- ri buCMb ..riLjer tu f^.^ni ibSiies v/f the Ou^,upat lundi 

** f I I VA \ \ J W i J I C d ! t t : f f ijj i, , I I V tr :Ji \ \ ^1 y sy \ \ \ \ \ I iju, ii\ \ u 

' f --^1 . [ f c ! w i i j u - ( 1 1 i tj i ( t J I ^ ( M c i 1 1 f / 1 V ^ s I ' u v.a_ J ti f 4 i . , 4^ ^ . 

P j,iM . 

^ M^ (w ?:.c r p ^ ill , H I i n, 

f ' f 1 1 f n ' M ^ ' ' "-i " ' ' ^ I « I J . .- I ^ {1 r U I tj d I . , . "U . ' . ! 

* . i i . . ' . i , -_ H ? - ' M ^ ^ i5 s ' L I ! 1 1 1. In .1 u K f I f I ^ I d d j3 J u U f i i d 1 1 . 
' I ! M j ^ i f c [ . i. I . 3 b h 0 i I h £3 ) ! J M.; J 1 1 1 1 y 

^^HtuUM. I. v,litc!i ill I iu( 1 uj\d i fi It. tdl lai-y,,jy.^ ui.^ i. 

'-if'L J it, I ^ li.J ,^)\A v*,-f,^ il htia i^i,jn bu md/iy 
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